Abstract-Diffraction enhanced transparency (DET) is a phenomenon based on interference in periodic lattices of resonators, leading to sharp transmission peaks where the associated anomalous dispersion can be used to delay THz radiation traversing the lattice. In this contribution we use an atomically thin graphene layer to strongly suppress DET altering the THz propagation. The response of this system is investigated both in the far-and near-field, where the suppression of DET can be measured both in the spectral response of the sample and in the changing near-field distributions surrounding the resonators. Changing the properties of the graphene layer allows for control over the transparency window, which is relevant for active THz devices.
I. INTRODUCTION
etallic resonant rods can be used to manipulate THz radiation through their large scattering cross sections. By tuning the shapes and distribution of these scatterers it is possible to create components which drastically modify the spectrum or directionality of incident radiation. In pioneering works exploiting strong scatterers it was found that a phenomenon analogous to electromagnetically-inducedtransparency could be achieved using a passive structure [1] . In this way, broadband radiation can be filtered, and a narrow bandwidth of light can be transmitted through a sample with a strong group-delay, owing to anomalous dispersion. This concept has since been extended to many different designs, and we propose to exploit lattices of resonant rods to achieve this effect over large areas in an active configuration.
Resonant rods can be ordered in periodic lattices, enabling the propagation of diffracted surface waves. The in-plane surface waves interact with the localized resonances of the rods, leading to collective modes known as surface lattice resonances (SLRs). SLRs enhance the radiative coupling of localized resonances in the rods, which results in a reduced transmittance (enhanced extinction), and can also lead to sharper resonances due to the modification of far-field radiation patterns and associated suppression of radiative losses. Arrays of two rods per unit cell with different lengths support frequency-detuned SLRs. These SLRs can interfere with one another leading to a transparency window in a phenomenon known as diffraction enhanced transparency (DET), while being in resonance with the incoming electromagnetic field [2] .
One important feature of DET is the large time delay of the scattered waves. This time delay becomes large because the diffracted surface waves propagate over multiple unit cells before being reemitted in the forward direction, which results in a large group index ng. Graphene is a 2D material which transmits 70% of THz radiation in ambient conditions, furthermore the properties of graphene can be altered by doping and gating. Combining graphene with frequency detuned SLRs leads to an interesting response of this hybrid system due to the strong THz absorption of graphene.
II. RESULTS
The sample used in this work consists on a square array with a 300 µm pitch in which the unit cell is formed by two metallic resonant rods with different sizes, 200x40 µm and 125x60 µm. A graphene monolayer is deposited on top of the array, separated by a PMMA spacer with a thickness of approximately 200 nm. THz transmission transients are shown in figure 1a for the bare array of detuned resonators, the array covered with graphene, and a reference measured with an empty substrate. The bare array shows an oscillating electric field enduring up to 25 ps, while the graphene covered array barely shows any oscillations. The absence of long-lived oscillations indicates that the SLRs are efficiently suppressed by the monolayer of graphene.
The extinction spectra shown in figure 1b are given by = 1 − where T is the transmittance, i.e., the Fourier transformed THz transient squared and normalized by the reference. The bare array shows a maximum in extinction at 0.4 THz and a transparency window with an extinction of only 5% at 0.45 THz. This transparency window is the result of the interference of detuned SLRs due to the different sizes of the rods. Depositing an atomically thin layer of graphene on the array suppresses the DET window almost entirely. This considerable change is induced by interactions between the graphene layer and THz radiation, especially for the propagating surface waves.
A micro-spectroscopic near-field technique is used, to measure the electric near-field in a unit cell [3] . Figure 2a dipolar field distributions seen for the SLRs, which result in strong scattering in the forward direction, the quadrupolar field profile at the transparency window preserves a high transmittance as observed in the far-field as it couples only very weakly to free-space. This near-field distribution is responsible for the time delay introduced by the surface wave propagation, as incident radiation becomes trapped in the array with barely any losses. Figure 2b shows the out-of-plane electric near-field of a unit cell covered with graphene at the same frequency as before, the amplitude is normalized to the array without graphene for direct comparison. The near-field enhancement and coupling between the lattice and the resonators is reduced considerably by the presence of the monoatomic layer of graphene. This reduction originates from absorption of the surface waves, suppressing the SLRs responsible for the transparency window. Furthermore, a depolarization field is surrounding the longest rod, showing a response from the graphene to the localized resonance.
Besides measuring the out-of-plane electric near-field component, which mainly shows the near-field enhancement near the resonators, our setup can measure the in-plane electric near-field components as well. The cross-polarized electric near-field component (Ex) mainly contains the in-plane diffraction at the resonators of the incident field, i.e., the propagation of the SLRs between the resonators. The electric near-field distribution of the cross-polarized component at the transparency window is shown in figure 2c . The radiation originating from the rods shows the propagation of SLRs across the sample. Figure 2d shows the cross-polarized electric near-field for a unit cell covered with graphene. The distribution of the electric field looks similar with respect to the bare array, however the amplitude of the diffracted waves is reduced fourfold. This significant reduction of the amplitude is caused by the efficient absorption of the SLRs by the monolayer of graphene while they propagate along the surface.
These results highlight the sensitivity of SLRs to the local surface properties, which could be actively modified to control the SLRs and the DET window. 
